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ABSTRACT

Objective: Learning and memory impairments are prevalent among persons with multiple sclerosis
(MS); however, such deficits are only weakly associated with MS disease severity (brain atrophy).
The cognitive reserve hypothesis states that greater lifetime intellectual enrichment lessens the
negative impact of brain disease on cognition, thereby helping to explain the incomplete relation-
ship between brain disease and cognitive status in neurologic populations. The literature on cog-
nitive reserve has focused mainly on Alzheimer disease. The current research examines whether
greater intellectual enrichment lessens the negative effect of brain atrophy on learning and mem-
ory in patients with MS.

Methods: Forty-four persons with MS completed neuropsychological measures of verbal learning
and memory, and a vocabulary-based estimate of lifetime intellectual enrichment. Brain atrophy
was estimated with third ventricle width measured from 3-T magnetization-prepared rapid gradi-
ent echo MRIs. Hierarchical regression was used to predict learning and memory with brain atro-
phy, intellectual enrichment, and the interaction between brain atrophy and intellectual
enrichment.

Results: Brain atrophy predicted worse learning and memory, and intellectual enrichment pre-
dicted better learning; however, these effects were moderated by interactions between brain
atrophy and intellectual enrichment. Specifically, higher intellectual enrichment lessened the neg-
ative impact of brain atrophy on both learning and memory.

Conclusion: These findings help to explain the incomplete relationship between multiple sclerosis
disease severity and cognition, as the effect of disease on cognition is attenuated among patients
with higher intellectual enrichment. As such, intellectual enrichment is supported as a protective
factor against disease-related cognitive impairment in persons with multiple sclerosis. Neurology®
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GLOSSARY
AD � Alzheimer disease; ANOVA � analysis of variance; MPRAGE � magnetization-prepared rapid gradient echo; MS �
multiple sclerosis; SRT � Selective Reminding Test; TVW � third ventricle width; WASI � Wechsler Abbreviated Scale of
Intelligence.

Learning and memory impairments are prevalent among persons with multiple sclerosis
(MS)1; however, estimates of MS disease severity (brain atrophy) account for only about
10% to 15% of the variance in verbal learning and memory.2,3 This incomplete relation-
ship between brain disease and cognitive status is typical of neurologic diseases more
generally (e.g., Alzheimer disease [AD]4), and has stimulated a search for factors that may
moderate this relationship. One factor that has emerged is lifetime intellectual enrich-
ment: neurologic patients with greater lifetime intellectual enrichment are at reduced risk
for cognitive impairment/dementia.5 According to this cognitive reserve hypothesis, intel-
lectual enrichment lessens the negative impact of brain disease on cognition. The current
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research examines whether higher intellec-
tual enrichment lessens the negative impact
of brain atrophy on learning and memory in
persons with MS.

METHODS Subject enrollment. Subjects were 44 patients
(39 women, 5 men) with MS,6 no exacerbation in the last 4
weeks, no current corticosteroid use, and no history of serious
psychiatric illness, substance abuse, learning disability, or other
neurologic condition (sample: age, 44.9 � 6.9 years; education,
16.1 � 2.3 years; disease duration, 10.5 � 7.0 years; disease
course, 34 relapsing-remitting, 7 secondary progressive, 3 pri-
mary progressive).

Standard protocol approvals, registrations, and patient
consents. Institutional review boards responsible for ethical
standards at UMDNJ and the Kessler Foundation Research
Center approved this study. Written informed consent was ob-
tained from all subjects prior to participation.

Verbal learning and memory. Verbal learning and memory
were assessed with the open-trial Selective Reminding Test
(SRT).7 Subjects were asked to learn a list of 10 words over 15
trials, or until a learning criterion of complete recall (all 10
words) on 2 consecutive trials was achieved. Verbal learning was
defined as the total number of words recalled across the 15 trials.
If the learning criterion was achieved, full credit was awarded for
all subsequent trials up to trial 15. Verbal memory was defined as
free recall of the word list after a 30-minute delay.

Brain atrophy. Brain atrophy was estimated with third ventricle
width (TVW), which has been identified as the best neuroanatomic
predictor of learning and memory performance in patients with
MS.2,3 Consistent with established procedures,2,3 TVW was defined
as the distance in millimeters between the left and right boundaries
of the third ventricle as imaged in the axial plane of high-resolution
3-dimensional images of the brain acquired from magnetization-
prepared rapid gradient echo (MPRAGE) scans performed in a
3.0-T Siemens Allegra scanner. Detailed procedures are provided
elsewhere,8 with high interrater and intrarater reliabilities
(rs �0.96). Mean TVW was 4.9 � 2.0 mm.

Intellectual enrichment. Intellectual enrichment was esti-
mated with the vocabulary subtest of the Wechsler Abbreviated
Scale of Intelligence (WASI),9 which assesses depth and breadth
of acquired vocabulary knowledge. Enriching life activities such
as educational attainment10 and frequent reading11 are unique
and significant contributors to vocabulary knowledge in adults,
even when controlling for general intelligence. Research with
elders has also examined the contribution of specific life experi-
ences, such as education or occupational history5; however, the
young age at MS onset raises the probability that such experi-
ences are curtailed by the disease itself. Acquired vocabulary
knowledge, however, may be viewed as a summary measure of
benefit from many different sources of intellectual enrichment
throughout one’s life, even those outside the realm of formal
education or occupation. Importantly, vocabulary knowledge is
robust against decline in neurologic diseases, including MS,1,8

and is therefore a valid estimate of lifetime intellectual enrich-
ment. Vocabulary knowledge was normal overall (mean T
score � 53.9 � 8.1), and was unrelated to brain atrophy (r �

�0.02, p � 0.5). Raw scores were used for subsequent analyses.

Statistical analyses. Preliminary analyses examined the rela-
tionship between demographic/disease variables (age, gender,

disease duration, disease course) on the dependent measures of
learning (SRT Total Learning) and memory (30-Minute Recall).
Any variables significantly associated with dependent measures
were controlled for in subsequent analyses. Hierarchical regres-
sions were used to investigate the contribution of brain atrophy
(step 1: TVW) and intellectual enrichment (step 2: WASI vocab-
ulary) to verbal learning (SRT Total Learning) and memory
(30-Minute Recall). We also investigated the interaction be-
tween brain atrophy and intellectual enrichment (step 3) to
determine if the effect of brain atrophy on learning and mem-
ory is moderated by intellectual enrichment. Finally, after
using median splits to divide our sample into subgroups of
brain atrophy (lower, higher) and intellectual enrichment
(lower, higher), we conducted a 2 (brain atrophy) � 2 (intel-
lectual enrichment) � 15 (SRT learning trials) repeated-
measures analysis of variance (ANOVA) to test whether
intellectual enrichment moderates the effect of brain atrophy
on learning efficiency (i.e., slope across trials).

RESULTS Preliminary analyses. There were no rela-
tionships between gender, disease duration, or disease
course and verbal learning or memory (p � 0.10). Age
was marginally related to learning (r � 0.29, p � 0.06)
and memory (r � 0.30, p � 0.05).

Verbal learning: Regression. The full regression ac-
counted for 32% of the variance in verbal learning
(F3,40 � 6.28, p � 0.001). There was a negative effect
of brain atrophy on learning in step 1 (t � -2.23, p �

0.05, R2 � � 0.10) and a positive effect of intellectual
enrichment in step 2 (t � 2.86, p � 0.01, R2 � �

0.15); however, these effects were moderated by a brain
atrophy � intellectual enrichment interaction in step 3
(t � 2.08, p � 0.05, R2 � � 0.07). The negative im-
pact of brain atrophy on learning was attenuated among
patients with higher intellectual enrichment (figure 1A).
Given the marginal relationship between age and learn-
ing, we repeated the regression analysis controlling for
age in step 1, with essentially no change in the results
(indeed, the interaction effect was slightly stronger: R2
� � 0.09).

Verbal memory: Regression. The full regression ac-
counted for 25% of the variance in verbal memory
(F3,40 � 4.42, p � 0.01). There was a negative effect of
brain atrophy on memory in step 1 (t � -2.37, p �

0.05, R2 � � 0.12), but no effect of intellectual enrich-
ment in step 2 (t � 1.37, p � 0.05, R2 � � 0.04).
Most importantly, there was a brain atrophy � intellec-
tual enrichment interaction in step 3 (t � 2.22, p �

0.05, R2 � � 0.09), such that the negative impact of brain
atrophy on memory was attenuated among patients with
higher intellectual enrichment (figure 1B). We repeated
the regression analysis controlling for age in step 1, with
essentially no change in the results (again, the interaction
was slightly stronger, R2 � � 0.11).

Verbal learning across trials: ANOVA. The sample was
divided into intellectual enrichment subgroups (lower:
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n � 22, T � 47.0 � 4.4; higher: n � 22, T �
60.8 � 3.8) and brain atrophy subgroups (lower:
n � 20, TVW � 3.3 � 0.6; higher: n � 24,
TVW � 6.3 � 1.6). The 4 groups (2 � 2) were
balanced for group membership [�2(1) � 1.5, p �
0.10]. As expected, the 2 (brain atrophy) � 2 (intel-
lectual enrichment) � 15 (SRT learning trial)
repeated-measures ANOVA revealed a 3-way inter-
action (F14,560 � 1.98, p � 0.05, �2 � 0.05) such
that higher brain atrophy was associated with ineffi-
cient learning among patients with lower intellectual
enrichment, but not patients with higher intellectual
enrichment (figure 2). These results were unchanged
when reanalyzed with analysis of covariance control-
ling for age.

DISCUSSION Higher lifetime intellectual enrich-
ment lessens the negative impact of MS disease sever-
ity (brain atrophy) on learning and memory. This is

consistent with recent functional MRI evidence that
patients with MS with higher intellectual enrichment
process information more efficiently,12 and therefore
are less likely to have cognitive impairment12,13 and
are protected from the negative effects of brain atro-
phy on cognitive efficiency (processing speed).8,12

These findings help to explain the incomplete rela-
tionship between MS disease severity and cognitive
status,2,3 which likely varies with intellectual enrich-
ment.8 Of note, the association of intellectual enrich-
ment with cognition is greater among patients with
more severe disease (interaction effect), suggesting
that enrichment does not lead to universal gains in
cognition per se; rather, enrichment reduces the neg-
ative effect of disease on cognition. When there is
little or no disease, there is little or nothing to protect
against. This explains the stronger correlation be-
tween intellectual enrichment and cognition in pa-
tients with MS relative to healthy controls.13

The current findings are consistent with research
on cognitive reserve in AD. For instance, higher in-

Figure 1 Interaction between intellectual
enrichment and brain atrophy on
learning and memory

Intellectual enrichment moderates the effect of brain atro-
phy on (A) verbal learning and (B) verbal memory. The
dashed line represents subjects with vocabulary knowledge
at the 25th percentile of our sample, which corresponds to
approximately the 38th percentile of the WASI normative
sample (T � 47). The solid line represents subjects with vo-
cabulary knowledge at the 75th percentile of our sample,
which corresponds to approximately the 86th percentile of
the WASI normative sample (T � 61). TVW � third ventricle
width; WASI � Wechsler Abbreviated Scale of Intelligence.

Figure 2 Interaction between intellectual
enrichment and brain atrophy on
learning efficiency

The negative impact of brain atrophy on learning efficiency
is greater among patients with lower intellectual enrich-
ment (A) relative to patients with higher enrichment (B).
Subjects with lower and higher brain atrophy are presented
in solid and dashed lines.
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tellectual enrichment lessens the negative impact of
AD neuropathology (neurotic plaques14 and fibrillar
�-amyloid15) on cognitive status. Participation in
cognitive leisure activities also uniquely protects el-
ders from dementia.16 Although our measurement of
acquired vocabulary knowledge in the current study
may estimate the benefits of a cognitively stimulating
lifestyle, additional research is needed to more di-
rectly investigate the unique contribution of specific
cognitive activities in patients with MS (e.g., reading,
hobbies).

The unpredictable nature of MS disease progres-
sion often complicates clinical predictions of future
cognitive impairment; however, consideration of pa-
tients’ lifetime intellectual enrichment may help
identify persons at greater risk for future impairment.
Patients with lower enrichment may benefit from
early intervention cognitive rehabilitation programs
to reduce the risk of future impairment. Of note,
although we have used the term “lower” intellectual
enrichment to describe half of our sample, such sub-
jects actually possess “average” intellectual enrichment
(mean T � 47.0). Persons with “below average” enrich-
ment may be at greatest risk for disease-related cognitive
impairment, although this needs to be investigated
more directly in future research. In fact, one limitation
of the current study is the unusually high educational
attainment of our sample (16.1 � 2.3 years). Also,
given the relatively small number of subjects with MS
disease courses other than relapsing-remitting, caution
must be exercised when generalizing the results of this
study to patients with progressive disease courses. Fu-
ture research should determine whether newly diag-
nosed patients with MS can actively improve their
cognitive reserve through intellectual enrichment after
diagnosis.
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